This paper will address an innovative bio-inspired algorithm able to incrementally grow decision graphs in multiple directions for discrete multi-objective optimisation. The algorithm takes inspiration from the slime mould Physarum Polycephalum, an amoeboid organism that in its plasmodium state extends and optimizes a net of veins looking for food. The algorithm is here used to solve multi-objective Traveling Salesman and Vehicle Routing Problems selected as representative examples of multi-objective discrete decision making problems. Simulations on selected test cases showed that building decision sequences in two directions and adding a matching ability (multi-directional approach) is an advantageous choice if compared with the choice of building decision sequences in only one direction (unidirectional approach). The ability to evaluate decisions from multiple directions enhances the performance of the solver in the construction and selection of optimal decision sequences.
Introduction
The idea that nature can inspire humans to solve complex decision making problems was widely used over the past two decades. A number of bio-inspired algorithms designed to solve decision making problems was and still are studied and developed. An example is the ACO (Ant Colony Optimisation) alghorithm [1] that takes inspiration from the social behaviour of ants looking for food. Following this concept, the behaviour of other social animals was successfully used: examples are bee colonies [2], fireflies [3], birds [4] .
The method proposed in this paper takes inspiration from Physarum Polycephalum, see Fig. 1 , known as many-headed slime mould, a simple organism inahabiting moist areas that was endowed by nature with heuristics that can be used to solve single-objective and multi-objective discrete decision making problems. In [5] it has been shown that Physarum Polycephalum is able to solve a maze finding the shortest path that connects the maze's entrance and exit by changing its shape. It has been shown also that a living Physarum is able to recreate the Japan rail network [6] using an experimental arena with food sources at each of the major cities in the regions. Physarum based algorithms have been developed recently to solve multi-source problems with a simple geometry [8, 9] , mazes [10] and transport network problems [6, 10] .
In this paper a multi-directional modified Physarum Polycephalum algorithm able to solve NP-hard multi-objective classical problems in operations research is proposed. In [11, 12, 13] multi-objective bio-inspired algorithms, i.e. ant colony algorithms, have been proposed and studied. The algorithm presented in this work is a multi-objective generalization of the single-objective multi-directional modified Physarum solver previously presented in [14] for discrete decision making.
In Sect. 2 the physiology of Physarum is introduced: discrete decision making problems are modeled with decision graphs where nodes represent the possible decisions while arcs represent the cost vector associated with decisions. Each arc has a scalar dominance index associated which is calculated comparing all the arcs leaving a node, as explained in Sect. 2. Decision graphs are incrementally grown and explored in multiple directions using the Physarum-based heuristic. This paper aims at proving that a multi-directional incremental Physarum solver is more efficient, in terms of success indexes (see Sect. 3.1), than a unidirectional incremental Physarum solver when applied to the solution of multi-objective decision problems that can be represented with directed symmetric decision graphs, i.e. graphs where the contribution of an arc to a complete path can be evaluated moving forward or backward along the graph. In [14] it has been already shown that the single-objective multi-directional modified Physarum algorithm is more efficient than the unidirectional algorithm when applied to small scale single-objective discrete decision making problems. This thesis will be demonstrated for the multi-objective algorithm in Sect. 4 solving some test cases.
